Introduction

46
Large-scale population surveys are assessing physical activity using monitors composed of a 47 triaxial microelectromechanical (MEMS) accelerometer and solid-state memory, packaged in 48 a wrist-watch type device. The monitors allow continuous recording of acceleration data for a 49 week at a time at a typical rate of 30-100 Hz. Compared to hip-worn monitors, wrist-worn 50 monitors are increasingly used because they appear to lead to higher wear compliance, 51 resulting in better quality and less biased data (9, 17) .
52
Two widely used wrist-worn monitors are the ActiGraph GT3X+ and the GENEActiv.
53
Surveys using the ActiGraph GT3X+ include the National Health and Nutrition Examination 54 Survey (NHANES) in the US (9) and those using the GENEActiv include British Whitehall II
(4), Brazilian birth cohorts (7) and the Growing up in Australia Checkpoint
56
(https://www.mcri.edu.au/research/projects/longitudinal-study-australian-childrens-child-57 health-checkpoint). As the ActiGraph GT3X+ and the GENEActiv both provide raw 58 acceleration output, theoretically the output should be comparable between brands and 59 algorithms developed for use with data from one brand of monitors should be applicable to 60 both. Equivalence of the data outcomes derived, e.g. average activity level and time spent at a 61 given intensity, from the different brands and thus between studies would be advantageous.
62
However, as cautioned by Welk and colleagues in 2012 (20) , equivalence of the raw 63 acceleration output cannot be assumed and rigorous equivalency testing is necessary to 64 determine whether and under which conditions outputs from these monitor brands are 65 comparable.
66
An emerging body of work shows that the magnitude of the features from the time domain
67
(e.g. signal intensity), although highly correlated, is greater in data from the GENEActiv than 68 from the ActiGraph GT3X+ (11, 15) . However, features from the frequency domain (i.e.
69
underlying frequencies or repeating patterns) are near equivalent (11, 15) . Consequently 70 evidence suggests that algorithms that are based on the features from the frequency domain 71 appear to be appropriate to be used interchangeably between the two monitor brands, with 72 little loss in accuracy (11, 15) . However, accuracy reduces if an algorithm based on features 73 from the time domain is developed on GENEActiv data and applied to ActiGraph GT3X+ 74 data (11).
75
We recently introduced a method for classifying posture from the GENEActiv wrist-worn 76 accelerometer (16) . Assessment of posture is important as sedentary behavior, defined as 77 sitting or reclining and low energy expenditure (2) , is associated with negative health 78 outcomes (6, 8, 21) . The estimation of posture from GENEActiv data is based on the classification in a free-living sample, relative to the activPAL (which is frequently used as a 92 criterion measure of posture in free-living individuals), was over 80% (16) . The method has 93 been successfully cross-validated in an independent free-living sample using GENEActiv 94 monitors (14) . However, to date it has not been tested in data from other brands of 95 accelerometer or been tested in a laboratory sample. While accuracy in a free-living 96 environment is paramount, testing in a laboratory environment is also important in enabling 97 comparison with direct observation and will highlight particular postures that lead to errors in 98 classification.
99
The aim of this study was to evaluate and compare the accuracy of posture classification 100 using the Sedentary Sphere in data from two widely-used wrist-worn triaxial accelerometers,
101
the GENEActiv and the ActiGraph GT3X+, in laboratory and free-living settings.
102
Methods
104
Participants
105
A convenience sample of 34 adult participants was recruited from Loughborough University GENEActiv distal to the ActiGraph. An activPAL3 TM was fitted on their right thigh.
128
Participants were requested to wear all monitors continuously for two days and monitors
129
were programmed to collect data for a 24-h period from midnight to midnight. Participants 130 completed a log-book recording when they woke up, got up, got into bed, went to sleep,
131
whether they removed any of the monitors for bed and details of whether they removed any 132 of the monitors for >15 min during the day.
133
Measures and data processing 134
Accelerometers
135
The GENEActiv is a triaxial accelerometry-based activity monitor with a dynamic range of 136 +/-8g ); where g is equal to the Earth' gravitational pull (Gravity Estimator of Normal
137
Everyday Activity, ActivInsights Ltd, Cambridgeshire, UK). The GENEActiv was 138 configured with a sampling frequency of 100 Hz, the data were uploaded, and the .bin files 
144
The ActiGraph GT3X+ is a triaxial accelerometry-based activity monitor with a dynamic 145 range of +/-6 g (ActiGraph LLC, Pensacola, FL, USA). The ActiGraph was configured to 146 collect data at 100 Hz, the data were uploaded and the gt3x files converted to raw 100 Hz csv 147 files containing x, y and z vectors using Actilife version 6.11.8. In order to match the format Analyses were conducted in IBM SPSS Statistics v20.0. Alpha was set at 0.05.
197
Results
198
Thirty-four participants (14 males and 20 females, mean age 27.2 ± 5.9 years; mean BMI GENEActiv data and 100%, 60% and 90% with ActiGraph data. Overall, the accuracy for 211 classification during the observed protocol was around 80%.
212
Lying and upright activities were correctly classified the majority of the time (>94%), with ActiGraph data processed using the Sedentary Sphere was moderate to substantial with 250 agreement and sensitivity over 80%, specificity 74% and a kappa of 0.62 (19) . 
